Understanding the persuasive potential of systems to support behavior change is increasingly important. If systems are not designed properly, their persuasive potential is not fulfilled. Previous research has shown that persuasive system design has a significant impact on adherence. Moreover, persuasive system features are likely to be advantageous in boosting effective user engagement with the technology and keeping the users motivated in their endeavors. In this study, we identify persuasive system features used in a selection of Web-based health behavior change support systems targeting excessive alcohol use and weight loss. We conducted en expert-based evaluation using the persuasive systems design model as a lens to view the twelve selected Web-based systems. The evaluation included a hands-on approach in which we used the systems for at least one month each and evaluated in terms of four categories: primary task support, computer-human dialogue support, system credibility, and social support. The results suggest that the systems harness a decent number of persuasive features. However, they had room for improvement (e.g., in terms of tailoring). Further research is needed to increase our understanding of how and under what conditions specific persuasive system features, either in isolation or collectively, lead to positive health outcomes in behavior change support systems across diverse contexts and populations. This study adds to the body of knowledge on designing persuasive health behavior change support systems.
T ransactions on H C I umanomputer nteraction 1 Introduction
Changing people's behavior is at the heart of health promotion. In the past decade, using technologies to persuade, motivate, and activate individuals to change their health behavior has been a swiftly expanding field of research. Using the Internet for delivering health behavior change interventions has been especially prevalent. Applications and systems for preventing, assessing, and treating conditions such as alcohol problems (Bewick et al., 2008) , depression (van Straten, Cuijpers, & Smits, 2008) , diabetes (Tate, Jackvony, & Wing, 2003) , obesity (Harvey-Berino et al., 2010) , physical inactivity (Hurling et al., 2007) , and smoking (Shahab & McEwen, 2009 ) have been tested in numerous controlled trials. These Webbased automated health behavior change interventions potentially have high reach and a low cost. Recent comprehensive meta-analyses provide support for their effectiveness in increasing users' knowledge and awareness and changing their attitudes and behavior in the health promotion area (Portnoy, ScottSheldon, Johnson, & Carey, 2008; Webb, Joseph, Yardley, & Michie, 2010) .
Various terms have emerged to describe technology-based interventions for mental and physical health purposes: cybertherapy, digital therapy, e-therapy, e-health, e-interventions, digital interventions, Internet interventions, computer-mediated interventions, online therapy, and Web-based therapy, among others (cf. Barak, Klein, & Proudfoot, 2009 ). However, a consensus on the terminology has not yet been reached. Barak et al. (2009, p. 5 ) defines a Web-based intervention as a primarily self-guided intervention program that is executed via a prescriptive online program, operated through a website, and used by consumers seeking health-and mental-health related assistance; the intervention program itself attempts to create positive change and or improve/enhance knowledge, awareness, and understanding via providing sound health-related material and interactive Web-based components.
These Web-based interventions are examples of a larger phenomenon known as behavior change support systems (BCSS) (Oinas-Kukkonen, 2013) . Oinas-Kukkonen (2013) defines a BCSS as "a sociotechnical information system with psychological and behavioral outcomes designed to form, alter or reinforce attitudes, behaviors or an act of complying without using coercion or deception" (p. 1225).
A major challenge in Web-based interventions is that participant attrition is generally high (typically more than 25%), and, among the retained participants, engagement rates usually decline remarkably over time (Bennett & Glasgow, 2009; Eysenbach, 2005; Neve, Morgan, Jones, & Collins, 2009) . As reducing attrition and increasing website use would likely enhance (any) intervention success, designing, implementing, and evaluating features that participants find attractive and captivating should clearly be a priority (Krukowski, Harvey-Berino, Ashikaga, Thomas, & Micco, 2008) . Sillence and Briggs (2007) and Silence, Briggs, Harris, and Fishwick (2006) suggest that design issues are not superficial; instead, they have important implications: the quality of the content becomes insignificant if bad design is an obstacle for users. Hardiker and Grant (2010, p. 10) Kelders, Kok, Ossebaard, and Van Gemert-Pijnen (2012) conducted a systematic review of 83 Webbased health interventions. Through a multiple regression analysis, they investigated whether intervention characteristics and persuasive system features (Oinas-Kukkonen & Harjumaa, 2009) could predict adherence. They found that, by using these variables, they could explain a substantial amount of variance in adherence. However, they largely relied on textual descriptions of the Web-based interventions provided.
In this study, we examine the persuasive potential of health behavior change support systems by investigating the actual systems. We apply the persuasive systems design (PSD) model ) to extract and analyze persuasive system features found in the sample of BCSS.
Background
Persuasive technology is a relatively new area of research. Fogg (2003) envisioned the potential of pervasive computing technologies to induce and influence people to change their attitudes and behaviors. His work conceptualized persuasive technology as a research discipline encompassing human psychology, persuasion, and information technology.
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Oinas-Kukkonen (2013) describes behavior change support systems as a primary focus of research in the area of persuasive technologies. One could implement a BCSS to impact individual-, organizational-, or societal-level attitudes, behaviors, and values. BCSS are persuasive systems by nature in that they employ computer-human persuasion and/or computer-mediated persuasion. In computer-human persuasion, the persuader is the computer software specifically designed with the intent to affect users' behaviors. Computer-human persuasion does not require a human interlocutor, whereas computermediated persuasion means that people are persuading others through, for example, email, instant messages, or social network platforms. Briñol and Petty (2009, p. 71) Successful persuasion occurs when the target of change (e.g., attitudes, beliefs) is modified into the desired direction (Briñol & Petty, 2009) . We can consider persuasion on the Web as either computerhuman or computer-mediated persuasion.
Designing systems that aim to change behavior requires a thorough understanding of the problem domain, the underpinning theories, and strategies of persuasive systems design. Usually, an interdisciplinary team of professionals is called for the design process. The team might comprise, for example, healthcare professionals, psychologists, computer scientists, statisticians, and marketeers. Consolvo, McDonald, and Landay (2009) underscore that, if the technology intended to foster long-term behavior change is designed poorly and without a principal design approach, users will likely abandon it. Kreps and Neuhauser (2010) identify four main directions for designing e-health interventions to attain their full promise for promoting health. According to them, e-health interventions must (1) be interactive, encouraging, and involving; (2) be effective, transparent, and interoperable; (3) be dynamic and personally engaging; and (4) have high reach and adaptability (Kreps & Neuhauser, 2010) . Glanz and Bishop (2010) advocate creativity. In their view, interventions should be "as entertaining and engaging as the other activities with which they compete" (p. 412). Sillence and Briggs (2007) found out what people want from health advice websites: (1) a combination of medical and informal expert opinion, (2) an explanation of the explicit motivations behind the website, (3) information and guidance that is clear and uncomplicated; (4) tailored information and advice; and (5) an easy-to-use website.
According to Oinas-Kukkonen (2010) , many design issues are general software design issues rather than issues specifically related to behavior change support systems. These design issues include, but are not limited to, ease of access, information quality, simplicity, convenience, attractiveness, number of errors, responsiveness, user experience, and user loyalty.
In this study, we investigate the persuasive system features on a selection of representative Web-based behavior change support systems.
Research Setting

Persuasive Systems Design (PSD) Model
Oinas-Kukkonen and Harjumaa (2008 ) have conceptualized a framework, known as the PSD model, for designing and evaluating persuasive systems. The PSD model builds on multiple theoretical constructs, such as goal-setting theory (Locke & Latham, 2002) , the elaboration likelihood model (Petty & Cacioppo, 1986) , and the theory of reasoned action/planned behavior (Ajzen, 1991) , and it uses persuasive technology techniques that Fogg (2003) , and others define. The PSD model describes a wide range of design features for BCSS, which can be subsumed under the four categories of primary task, dialogue, credibility, and social support features. The PSD model can be used as a tool by designers and intervention developers and as a framework for understanding and interpreting users' needs and how these needs can be implemented. Oinas-Kukkonen and Harjumaa (2009) describe the PSD model in detail.
In this study, we focus on the persuasive system features. In the PSD model, the categories for persuasive system principles are primary task support (supporting the user's primary task and goals), computer-human dialogue support (reinforcing the interaction between the user and the system), perceived credibility, and social support and influence (the system motivates users by leveraging social features). We discuss and exemplify the persuasive system design features in Section 5.
Sample Selection
We gathered a brief but representative list of Web-based health behavior change support systems targeting alcohol misuse and weight loss. We chose those two particular problem domains since they matched our funded research project on digital interventions. Evidently, both domains are significant in terms of public health.
Even though we extensively searched for relevant papers and systems, we do not consider this method to be systematic or exhaustive. For instance, the search phrase "weight loss" yields over 200 million hits on Google alone. Moreover, going through all possible combinations and variations for search terms is practically impossible and will only lead to highly redundant search results. However, we did not limit ourselves to operate solely based on search engines; we also searched relevant literature to find the intervention websites that fell in our scope. As such, we searched databases, such as EBSCOhost, Google Scholar, ISI Web of Knowledge, PubMed, and Scopus. Table 1 presents our selection process and the selected Web-based BCSS. One could describe the selected sample of websites as a convenience sample. We evaluated the BCSS based on the principles for persuasive system content and functionality presented in the PSD model ). The PSD model does not claim the existence of a relationship between the number of features implemented per se and the overall effect of a BCSS or its persuasiveness. However, in their recent meta-analysis, Webb et al. (2010) found that interventions employing more behavior-change techniques commonly demonstrated larger effects than Volume 7 Issue 3 those using fewer techniques. However, we do not compare the BCSS against each other since they vary greatly in terms of complexity, content, and quality; rather, we demonstrate this diversity and pinpoint the possible mutual and individual highlights/shortcomings in persuasive system features on the BCSS under inspection to study their persuasive potential.
Data Abstraction
Overall, we thoroughly examined the content, information, structure, and functionality of the selected BCSS. The first author coded the related data using a predefined form (which we all devised) for evaluating persuasive systems. The second author checked and commented on the resulting entries. We resolved any disparities through discussion. The procedure is similar to the expert-based inspection method, heuristic evaluation, that Jaspers (2009) describes. Table 2 collectively presents the persuasive system features that we identified in the evaluated health behavior change support systems. 
Findings
Primary task support
Note: ✓ = we identified persuasive system feature in the system.
Primary Task Support
Reduction means that the system reduces complex behavior into simple tasks, which helps users to perform the target behavior and, thus, lessens the individuals' cognitive burden. Reduction is important because a system that guides users through a process or an experience provides opportunities to persuade along the way. We identified reduction in 11 of the 12 evaluated BCSS. Example implementation: users are provided with an exercise plan based on their preferences and self-set goals.
A system keeping track of a user's performance or status supports in achieving one's goals. Not surprisingly, we found this self-monitoring functionality in 11 of the 12 assessed BCSS. Burke and colleagues (2011) state that self-monitoring is an essential feature of behavioral weight loss intervention programs. In their systematic review, they found that more frequent self-monitoring was consistently and significantly associated with weight loss compared to less frequent self-monitoring (Burke, Wang, & Sevick, 2011) . Additionally, in the context of Web-based alcohol interventions, researchers have found self-monitoring to be important (Bewick, 2010) . Example implementation: a daily drink or calorie calculator; the user is able to review past performance from a chart.
A persuasive system may offer personalized content and services for its users. In order for the content to be personalized, the user has to disclose some personal information (e.g., through registration or by creating a personal profile.) The quality of Web personalization depends on how well the content generated by the personalization agent matches the preferences and interests of the user in a particular domain (Tam & Ho, 2005) . We found personalization in nine of the 12 evaluated BCSS. Example implementation: adding modules to a personal dashboard.
Tailoring the content to meet the potential needs, interests, personality, usage context, and/or other factors relevant to a user group is likely to increase a system's persuasiveness (Enwald & Huotari, 2010; Lustria, Cortese, Noar, & Glueckauf, 2009 ). We found tailoring, closely related to personalization, was in seven of the 12 BCSS. Example implementation: an activity feed based on "my groups".
Rehearsing a behavior, which we observed in nine out of the 12 BCSS, can enable people to change their attitudes or behavior in the real world. Example implementation: a video-based exercise builder.
Educating users about certain topics can leave a lasting impact that transfers to the real world. Enabling users to observe the link between the cause and its effect is regarded as simulation; we observed this feature in nine out of the 12 BCSS. Example implementation: a calculator showing how many calories a specific physical activity burns.
Tunneling, often intertwined with "reduction", may enhance the change process since the user is led through a predetermined sequence of steps and since the user receives the most appropriate content and particularly at a proper time (Danaher, McKay, & Seeley, 2005) . We found tunneling in four out of the 12 BCSS. Example implementation: "Get started": the user is given a guided tour of the key functionalities and components.
Dialogue Support
In the PSD model, computer-human dialogue support describes the key principles in keeping the user active and motivated in using the system and helping the user to perform the intended behavior. The principles in the computer-human dialogue support category are praise, rewards, reminders, suggestion, similarity, liking, and social role. Surprisingly, dialogue support was rather weak overall. See Table 2 .
A system should provide the user with fitting suggestions at proper moments during the system use, such as "Please eat half of a plate vegetables". We found this kind of suggestion in 10 of the 12 BCSS under investigation 1 . A persuasive system should remind users of their target behavior during the intervention. A recent systematic review demonstrates that the using periodic prompts can be effective in behaviorchange interventions (Fry & Neff, 2009 ). We found reminders in half of the BCSS (i.e., 6). Example implementation: a weekly email reminder.
Some of the BCSS used social roles, praise, and rewards. A system adopting a social role (e.g., doctor, teacher) may be more persuasive. Groom et al. (2009, p. 842) argue that, "When an interface features a computer-generated entity presenting explicit cues of identity or social agency, people's expectations of Volume 7 Issue 3 predictable social performance are increased". We found a social role in five of the BCSS. Example implementation: "Ask Mary", with which the user is able to ask diet-related questions to a character called Mary.
A system could praise users via words, images, symbols, or sounds based on their behaviors (e.g., sending a message such as "Good job!"). By offering praise, the system can make users more open to persuasion. Furthermore, the system should reward the user for achieving, for example, self-set goals. Quite surprisingly, we found praise in only four of the BCSS and its logical companion, virtual rewards (see Berkovsky, Coombe, Freyne, Bhandari, & Baghaei, 2010) , in only two of the 12 BCSS. Example implementation: users are provided with virtual medals (e.g., bronze, silver, gold) based on their performance.
We do not include two other factors that are important to dialogue support-liking and similarity-because evaluating these factors is inherently subjective. An attractive system is likely to be more persuasive due to liking (Robins, Holmes, & Stasbury, 2010; Tractinsky, Cokhavi, Kirschenbaum, & Sharfi, 2006) . Individuals are also more readily persuaded through systems that match their self-image in some meaningful way. For example, a system aimed at teenagers should employ youthful phrases and imagery. This principle is known as similarity (cf. social identity cues; Sillence, Briggs, Harris, & Fishwick, 2006) .
Credibility Support
Much research has focused on supporting users' perceptions of credibility-in particular via providing surface credibility and showing trustworthiness, expertise, and real-world feel in the systems. Credibility is indeed a persuasive element (Cugelman, Thelwall, & Dawes, 2009; Tormala, Briñol, & Petty, 2006; Wathen a& Burkell, 2002) . Harris, Sillence, and Briggs (2009) suggest that perhaps even seemingly superficial design elements of a system can influence responses to health-risk information. In their study, credibility cues affected engagement with the website and influenced subsequent health behavior and cognition. Lemire, Paré, Sicotte, and Harvey (2008) found that credibility had a significant impact on the frequency of individuals' Internet use for seeking personal health information.
Visual aesthetics play an important role in how users evaluate interactive systems (Cyr, Head, & Larios, 2010; Tractinsky et al., 2006) . Sillence and Briggs (2007) consider a staged model of trust in which visual appeal influences early decisions to reject or mistrust BCSS and credibility (and personalization) of information content influences the decision to select or trust them.
In our view, people initially assess system credibility based on an intuitive first-hand inspection. The related principle is called surface credibility. Based on our investigation, all of the evaluated BCSS appeared, at least to some extent, credible. However, half of them (6 out of 12) contained a variety of advertisements ("banners"), which one may consider disruptive and, thus, reduce the perceived surface credibility.
Trustworthiness is crucial: users will engage with systems they perceive trustworthy and navigate away from those they mistrust (Cugelman et al., 2009; Sillence et al., 2006) . A trustworthy system provides truthful, fair, and unbiased information. All of the investigated systems conveyed trustworthiness. Almost all of the evaluated BCSS, 11 out of 12, provided information demonstrating knowledge, experience, and competence. The related principle is called expertise. Example implementation: an extensive nutritionist Q&A section.
A persuasive system should provide information about (and means to communicate with) the organization and/or actual people behind its content and services. This feature is called real-world feel, which we found in 11 of the 12 BCSS. Gefen and Straub (2004) argue that the perception of social presence increases online trust. In a similar vein, Rains and Karmikel (2009) suggest that including structural features such as the organization's physical address, privacy policy statement, and third-party endorsements (Beldad, de Jong, & Proudfoot, 2010 ) may be especially important in determining the credibility of the system as perceived by users. Seven of the BCSS provided means to verify the accuracy of the presented guidance. Some of the systems (4 out of 12) also strongly referred to authorities (e.g., by linking to statements or norms by an authoritative health institute) or used third-party endorsements (3 out of 12 BCSS).
Social Support
According to Uchino (2006) , social support may refer to aspects of the social network (groups, familial ties), specific behaviors (e.g., emotional or informational support), or our perceived availability of support resources that may be shaped early in life.
Hardiker and Grant (2010) consider social computing (e.g., online discussion and support groups) as "providing a safe, flexible and personal environment in which to share experiences and responsibility, foster a sense of belonging, offer empathy and support and gain reassurance" (p. 9). They suggest that active engagement with social computing seems to be the most advantageous (Hardiker & Grant, 2010) . According to Kreps and Neuhauser (2010) , social network applications are ideally suited for connecting social networks for personally promoting health. Barak, Boniel-Nissim, and Suler (2008) contend that online support fosters well-being, a sense of control, self-confidence, feelings of more independence, social interactions, and improved feelings. Thus, participating in an online support group could foster personal empowerment, which is necessary for dealing with specific conditions of distress (Barak et al., 2008) . Bennett and Glasgow (2009) claim that no examples of trial designs exist to enable a systematic investigation of the potential benefits of social networking.
In the PSD model, the social support category describes how to design the system so that it motivates users by leveraging social influence. The model operates with the following persuasion techniques: social learning, social comparison, normative influence, social facilitation, cooperation, compensation, and recognition. The social learning principle (found in 9 out of the 12 BCSS) means that an individual may be more motivated to perform a target behavior if the individual can observe others performing the behavior while using the system. A closely related principle is social comparison (observed in 9 out of the 12 BCSS); users may be more motivated to carry out the target behavior if they can compare their performance with others'. Social facilitation (observed in 9 out of the 12 evaluated systems) allows users to observe others performing the behavior or be observed by others. In all instances, social learning, comparison, and facilitation were jointly implemented on par with normative influence. All 12 evaluated BCSS leveraged normative influence.
Half of the investigated systems (6 out of 12) offered public recognition for an individual or a group. Few BCSS provided users with opportunities for competition (observed in 3 out of the 12 BCSS) or cooperation (identified in 3 out of the 12 systems).
Discussion
Of the 12 Web-based health behavior change support systems included in the study, half aimed to reduce individuals' alcohol consumption, while half aimed at personal weight loss and maintenance. They used the primary task support features relatively often: reduction and self-monitoring were the most common principles to support accomplishing users' primary task. This is an encouraging finding since reduction and self-monitoring can be considered key elements for primary task support. We can reasonably assume that different approaches are needed for different kinds of user groups. Tailoring was used to serve the needs of different user groups but not to the extent we expected based on previous literature (Krebs et al., 2010) . In our view, without at least some level of tailoring, the systems are targeted for too broad an audience.
The BCSS only modestly took advantage of opportunities to enhance computer-human dialogue. Leveraging reminders was the most common way to enhance the system-to-user dialogue, whereas virtual rewards were rarely used despite their large potential (Berkovsky et al., 2010; Harjumaa, Segerståhl, & Oinas-Kukkonen, 2009 ). Naturally, the role of reminders and rewards may vary across problem domains.
Credibility issues are crucial in website engagement because users will engage with websites they perceive as credible and navigate away from those they do not perceive as credible. Based on our analysis of the systems, much of the persuasive design efforts thus far have been devoted to demonstrating the credibility of the Web-based interventions.
The prevalence of social support in the evaluated interventions is propitious. In anonymous online support groups, the participants may overcome the feeling of being stigmatized because the participants can choose to remain anonymous (or choose a nickname) and, thus, non-identifiable. Moreover, in online groups, time and location are no longer obstacles for active group participation. However, many issues Volume 7 Issue 3 still need to be resolved about the type of online support (e.g., whether it should be expert-led vs. userdriven, moderated vs. non-moderated, synchronous vs. asynchronous, and open access vs. restricted access).
Analyzing persuasive design is a challenging task. When conducting such an analysis, potential bias lies in interpreting the features. Thus, we omitted two highly subjective features from the analysis: liking and similarity. Some of the features are intertwined (e.g., social learning/comparison/facilitation) and are, thus, rather difficult to analyze. In addition, regardless of its wide coverage, the PSD model is not meant to be an exhaustive list of persuasive features, and new persuasion techniques may be identified in the future. The PSD model has been built in such a manner that it may evolve, but, even now, it is an important tool for any health behavior change system researcher and developer.
Another limitation is that the BCSS we analyzed represent only a small fraction of those currently available for users/consumers/patients. Nevertheless, we actually used and interacted with the BCSS for at least a one-month period each so the analysis was not based solely on superficial perceptions. However, as Sillence and Briggs (2007) mention, a related caveat is that users/consumers may still want different things than experts.
Conclusion
In this study, we extracted and analyzed persuasive system features of Web-based health behavior change support systems. The findings suggest that such systems, despite being developed with behavior change in mind, have room for improvement in terms of fulfilling their persuasive potential. We agree with other researchers (Consolvo et al., 2009; Hardiker & Grant, 2010; Kreps & Neuhauser, 2010; Sillence & Briggs, 2007) that design issues deserve more attention because they have real implications. Nevertheless, we do not imply that the mere presence of persuasive design features is sufficient, nor do we want to take a technologically deterministic stance. Evidently, developing Web-based health behavior change support systems is a highly elaborate and multifaceted process. In order for widespread adoption, dissemination, and, most importantly, extended use of such systems to take place, we need to investigate not only how the interventions affect individuals but also how individuals interact with technology and each other via them (Atienza, Hesse, Gustafson, & Croyle, 2010) . Furthermore, designing, implementing, and evaluating features that participants find attractive and captivating should be a priority. This type of knowledge may assist in deploying interventions that engage and retain large amounts of individuals, which can potentially enhance population health and well-being and, thus, be of significant public health value. 
Credibility support
Surface credibility
The system has a competent look and feel. The visual design should reflect the content and the context.
Clear and consistent visual layout and graphics, images and typography; no typos / grammatical errors; no excessive marketing.
Trustworthiness
The system provides information that is truthful, fair and unbiased. The system must not exploit private user data.
The provided information demonstrating knowledge, experience, and competence.
Expertise
The system provides information demonstrating knowledge, experience, and competence.
An extensive nutritionist Q&A section.
Real-world feel
The system provides information of the organization and/or actual people behind its content and services.
The system provides means to contact the developer via e-mail address; physical address;
Verifiability
The system provides means to verify the accuracy of website content via outside sources.
Providing links to external resources and references to scientific publications.
Authority
The system refers to people in the role of authority.
External linking to statements or norms by an authoritative health institute.
Third party endorsements
The system provides endorsements from respected sources.
An award, certificate, or a recommendation from an authoritative source.
Social support
Normative influence
The system provides means for gathering together people who have the same goal and make them feel norms.
The users can share their information with similar users, and view information from similar users.
Social comparison
The system provides means for comparing performance with the performance of other users.
Users can share and compare their goals and progress via social networking applications.
Social facilitation
The system provides means for discerning other users who are performing the behavior.
Users can recognize how many others are at the same location.
Social learning
The system provides means to observe other users who are performing their target behaviors and to see the outcomes of their behavior.
Users are able to observe each other through a shared weight loss journal.
Recognition
The system provides public recognition for users who perform their target behavior.
Personal stories of the people who have succeeded in their target behavior / goal are presented to other users.
Competition
The system provides means for competing with other users.
Stop smoking for a month and win a prize.
Cooperation
The system provides means for cooperation.
Users can tag and share locations with other users.
